Background: Adolescent idiopathic scoliosis (AIS) is one of the most prevalent spinal deformities that may progress sharply during growth. The aim of this study will be to evaluate the efficacy of three-dimensionally integrated exercise on the Cobb angle, angle of trunk rotation, sagittal profile, and quality of life in patients with AIS.
Background
Scoliosis is a three-dimensional deformity with lateral curvature, sagittal hypokyphosis, and axial rotation of the spine. Adolescent idiopathic scoliosis (AIS) with a Cobb angle greater than 10 degrees occurs in the general population with a frequency ranging from 2% to 5% during growth, and the origin of the disease is unknown [1] [2] [3] [4] . It has been highlighted that impairment of esthetic appearance of a patient's body is significantly related to the patient's negative image and self-respect, and the disease may cause reduced bone strength and balance disorder, among other effects [5] [6] [7] . If uncontrolled, scoliosis can progress in a short time, and moreover, severe trunk deformity, cardiopulmonary impairment, and low quality of life may occur [1, 8] . There is still no intervention to cure scoliosis [1, 8] .
According to the severity of the curve, the major treatment approaches for patients with AIS include exercises, bracing, and surgery to correct, prevent, or stop the progression of the deformity [1, 8, 9] . In North America, the Scoliosis Research Society (SRS) has published the standard of care for AIS: Patients with curvature between 10 degrees and 25 degrees who are still growing should be kept under observation [9] . In Europe, the International Scientific Society on Scoliosis Orthopaedic and Rehabilitation Treatment has recommended that physiotherapeutic scoliosis-specific exercises should be the first step in treating idiopathic scoliosis to prevent/ limit the progression of the deformity [1, 8] . Three-dimensionally integrated exercise for scoliosis is based on the theory of physiotherapeutic scoliosis-specific exercises and consists of patient education, threedimensional self-correction, stabilization of the corrected posture, and training activity of daily living, combined with neuromotor control, proprioceptive training, balance training, and so forth, tailoring the exercise approach individually for each patient [1, 8, 10] . The specific exercises could accelerate the recovery of physiology, psychology, and functional ability for patients with AIS as compared with other approaches, but these outcomes may take a long time to achieve [11] [12] [13] [14] [15] [16] [17] [18] [19] .
The Cobb method is the gold standard for measuring the scoliotic curve clinically [20] , and the trunk rotation and sagittal profile are also used to assess the trunk deformity and the physiological curvature for patients with spinal diseases [21] [22] [23] . Normally, different interventions will achieve varied satisfaction levels related to treatment and quality of life for patients [24] . Limited evidence from 3-month studies of three-dimensionally integrated exercise for scoliosis have confirmed its positive value in preventing the curve progression, maintaining the corrected posture, and improving patients' quality of life [25, 26] . However, better-quality research needs to be conducted before the use of three-dimensionally integrated exercise for scoliosis can be recommended in clinical practice. Therefore, the objective of this trial is to determine the effect of intervention on the Cobb angle, angle of trunk rotation (ATR), sagittal profile, and quality of life compared with standard care for patients with AIS.
Methods/design

Aims and objectives
The aim of this study is to assess the effect of the intervention on Cobb angle, ATR, sagittal profile, and quality of life in patients with AIS.
Study design
The present study is a randomized controlled trial (RCT) comparing a 6-month three-dimensionally integrated exercise for scoliosis intervention with a standard of care of observation alone (control group). The protocol conforms to Consolidated Standards of Reporting Trials (CONSORT) guidelines for nonpharmacological studies [27, 28] and the World Health Organization Trial Registration Data Set Version 1.2.1 guidelines for clinical trials protocols (See in Table 1 and Additional file 1). The study is being conducted at the Department of Rehabilitation Medicine, Xinhua Hospital affiliated to Shanghai Jiao Tong University School of Medicine, China. A trained research assistant who is blinded to the randomization design will invite eligible patients to attend the specific scoliosis clinic to participate in the study. The physician in the clinic will explain the whole protocol in the quiet clinic room and obtain written informed consent from each participant and legal representative prior to inclusion. The trial profile is displayed in Fig. 1 . 
Participants
Randomization and masking
After an initial assessment examination confirming eligibility and collection of baseline data, participants will be allocated by a physician using computer-generated block randomization in a ratio of 1:1 to the experimental group or control group. The allocations will be concealed in sequentially numbered, opaque, sealed envelopes with a signature across the sealing point.
Because of the nature of the intervention, physical therapists and patients cannot be blinded when offering or receiving the treatment. However, patients will be asked not to reveal their group allocation to ensure blinding of the evaluator. To minimize bias, strict eligibility will be maintained in the whole trial, and there are separate rooms for assessment and treatment, so that each group will hardly know much about each other. A trained evaluator blinded to group allocation will complete all patient assessments at baseline and immediately after the 6-month intervention. Both groups will continue with their routine activities, but they will not be able to attend any other formal exercise program. The statistician will not be aware of the data coding. Figure 2 illustrates the timing of all trial processes (Additional file 2).
Intervention
Experimental intervention program
The experimental group will receive a modified physiotherapeutic scoliosis-specific exercise intervention: the three-dimensionally integrated exercise for scoliosis program, which includes autocorrection in three dimensions, postural correction, breathing training, resistance training, muscle fascia releasing, functional activities, balance training, core stability training, proprioceptive input exercises, and patient education. Autocorrection exercise in three dimensions will be combined with specific breathing mode, and isometric contraction training to correct abnormal spinal physiological curvatures in the sagittal plane, accompanied by a wedge pad to modify humpback, waist asymmetry, and pelvic rotation in the horizontal plane. In breathing pattern training, the physical therapist will stimulate the concave areas of the thorax for patients during deep inspiration and will transfer stimulation to the convex side during deep expiration. While the patient is in coronal plane with longitudinal axial stretching, pelvic adjustments will be made to reduce the lateral curvature. During this period, the physical therapist will teach the patient how to combine these exercises with activities of daily living. All the patients in the experimental arm will receive treatment of one or two sessions weekly in the hospital under the supervision of a physiotherapist and one session per day at home under parental supervision. Some examples are shown in Fig. 3 . The physical therapist has 3 years of scoliosis therapy experience and will provide 95% of the therapy sessions. Another certified physical therapist will fill in as needed.
Control group program
Control subjects will receive the standard of care according to the SRS criteria: observation for patients with curves between 10 degrees and 25 degrees [9] and attendance at the study assessments. The control group will only attend study assessments and not the therapy sessions.
Compliance supervision
Compliance will be monitored using a home training diary to record the time and frequency of every-day home training, verified daily by a parent and weekly by a therapist. Meanwhile, all the patients will be added to Micro Message Platform app created by the research assistant. The assistant will divide the patients into two groups following their allocation and check the daily training at irregular intervals, answer patients' questions online, share health knowledge with the patients, or remind the patients to attend clinic visits after the 6-month intervention. To maximize compliance, the physical therapist will provide home equipment, provide the patients with access to facilities, change the exercises to improve compliance with exercises to avoid patients' getting bored with always performing the same exercises, and encourage parents to be fully engaged to ensure the exercises are regularly performed at home. Attendance will be calculated as a percentage of the prescribed visits attended, and compliance will be calculated as a percentage of the prescribed home exercise dose completed over the course of the 6 months of treatment. When compliance drops below 70%, the physical therapist will try to resolve the issues cooperatively with patients and parents [29, 30] .
Withdrawal criteria
The patients or their families will be allowed to withdraw from the study if they make such a request.
Suspension criteria
In the interim analysis, clinical significance is defined as a 5-degree Cobb angle change, which is the reliability of radiographic examination and the international "gold standard" for minimally significant clinical change [31] . Decreasing or remaining in Cobb angle of 5 degrees means the treatment is successful, whereas increasing the Cobb angle to greater than 5 degrees is defined as failure of treatment [32] . There are no standard stopping criteria for specific exercise therapy outcome. Previous studies showed that there is a 40% failure rate for standard care (observation) [18] . In light of the clinical practice as well as the previous studies, the stopping criteria used in this protocol are as follows:
1. If more than 40% of patients fail in either the experimental group with three-dimensionally integrated exercise for scoliosis or the control group, the trial will be ended, suggesting a change of treatment. 2. During the whole study period, if the patient has significantly abnormal progression in clinical examination and the Cobb angle has reached ≥ 25 degrees, the patient (in either the experimental group or the control group) will be suspended from the study.
Assessment
The following demographic data and patient characteristics of the experimental group will be collected: age, gender, height, weight, body mass index, Risser sign, time since menarche for female patients, curve pattern, apex levels, and exercise compliance. Skeletal immaturity based on the Risser stages will be recorded for each patient at the first assessment. Curvatures will be classified according to the Ponseti classification system, which distinguishes four major types of scoliosis: thoracic, lumbar, thoracolumbar, and S-shaped [8, 33] . Development of the ossification of the iliac crest is used to assess the remaining spinal growth, and the stage of ossification of the iliac apophysis can be seen on a radiograph. The Risser sign is an assessment of skeletal maturity and spinal growth. It is based on the ossification of the iliac apophysis, which is evaluated with a four-grade scale from 0 (no ossification) to 5 (fused ossified apophysis) [34] . The outcome measures described in the subsections that follow will be performed before and after 6 months of intervention in both groups.
Primary outcome measurement Change of Cobb angle
It is recommended that curve magnitude be measured using the Cobb method on a standing frontal radiograph [20] . The Cobb angle of a scoliotic curve is defined as the angle formed by the intersection of two lines, one parallel to the endplate of the superior end vertebra and the other parallel to the endplate of the inferior end vertebra (Fig. 4 ).
If the patient has double curves, the major curve will be calculated for analysis.
Secondary outcome measurements Angle of trunk rotation
The ATR will be measured with a Scoliometer™ [21, 22] . The Scoliometer™ measures the hump (ATR) appearing as a consequence of the Adam's test. It is an evaluation tool that has proven highly useful [1, 8] . The patients will be asked to bend their trunk forward until it is parallel to the ground, keeping the palms of their hands together with their arms hanging down and perpendicular to their trunk. In this position (Fig. 5) , the ATR values are obtained by positioning the center of the Scoliometer™ over the spinous process and perpendicular to the spine [35] .
Sagittal index
The sagittal profile of the spine is frequently modified in patients with scoliosis and is extremely relevant in the management of this disease; thus, a sagittal measurement is recommended to evaluate kyphosis and lordosis [36] . The plumb line is an easy, quick, and reliable tool to assess the sagittal profile in clinical evaluation and clinical follow-up, as well as for the evaluation of the effectiveness of physiotherapy-specific exercises [23] . Measurement of the plumb line distance is measured from the apical spinous process of the occiput, the most prominent lordosis point on the neck, from C7, T5-T6, T12, L3, and S1 to the plumb line (Fig. 6 ). The sagittal index consists of the sum of the plumb line distances from C7 and L3; a value < 60 mm is considered to be a flat back; 60-90 mm is in the normal range, whereas a value > 90 mm is considered to indicate kyphosis [37, 38] .
SRS-22 dimension scores
The 22-item Scoliosis Research Society Outcomes Questionnaire (SRS-22) is especially designed for patients with idiopathic scoliosis [24] . The questionnaire consists of 22 items with 5 dimensions: function/ activity, pain, self-image, mental health, and satisfaction with treatment. Each domain has five items each, except the satisfaction with treatment domain, which has only two items. The two satisfaction items are not included in the final analysis. Each item is scored from 1 (worst) to 5 (best). Results are presented as the mean of each scale (sum of 5 questions/5) and the mean subtotal score (sum of 20 questions/20) [39, 40] . In this study, we will use the validated Chinese version of SRS-22 [41] .
Adverse events
The physical therapist will record any adverse event occurring in this study.
Sample measurement
G*Power 3.1.9.2 was used to perform the power calculations. The change of Cobb angle was the primary outcome measurement. The results of our previous study showed that the change of Cobb angle in the experimental group was − 1.55 ± 4.39 degrees, whereas in the control group, it was 2.90 ± 2.60 degrees [25] . The α will be 0.05, and the β will be 0.05. Therefore, we should recruit 19 patients to each group. Considering 10% potential attrition, 21 patients per group will be recruited.
Data collection, data management, and statistical analysis plan
The primary outcome is the change of Cobb angle, and the secondary outcome measures will include the ATR, sagittal index, and quality of life. Descriptive statistics will be calculated for baseline demographics, physical examination, radiographs, and questionnaire data, and results will be presented as the mean ± SD, whereas categorical variables will be expressed as percentages. The chi-squared test will be used to compare the categorical/ dichotomous variables. Separate analyses will be conducted for each outcome. Data will be entered using EpiData software designed for this study. All data will be collected, typed, and analyzed by a masked statistician who will not have access to study assignment. The main investigators will check the data every 2 weeks to ensure the quality.
The primary endpoint is the pre-and posttreatment difference in the Cobb angle. We have calculated that a sample size of 21 patients per group would be capable of detecting a between-group difference of 5 degrees in the primary endpoint with a type I error of 5% and a power of 95% [20] . Because the interval of Cobb angles at entry is 10-20 degrees, and assuming a uniform distribution of Cobb angles in this range (the most unfavorable scenario), an SD of 5 degrees is estimated [8] .
Baseline comparability will be assessed using Student's t test for independent samples. To screen for variables associated with each of the outcome variables, univariate linear mixed models for each relevant covariable (age, gender, body mass index, Risser sign, time since menarche, apex levels, curve pattern, and compliance may have associations with risk of progression) will be conducted.
Multiple linear mixed models for each time point will be tested, including covariables found significant at p ≤ 0.20 in the univariate analysis, and after screening for multicollinearity [42] .
For the ordinal outcome (SRS-22, which is based on only one item with five levels), generalized linear mixed effects model analysis will be used.
Furthermore, because subjects with younger than 13 years of age are characterized by a higher risk of progression [43] , the patients will be divided into two subgroups (age < 13 years and age ≥ 13 years), and a linear mixed model analysis for the primary outcome will be performed on each subgroup.
To assess differences in group changes from baseline to 6 months while adjusting for covariables, weighted estimating equations and a sensitivity analysis will be conducted as the primary approach to deal with the missing data, especially for the primary outcome of Cobb angle [44] . All the analysis will be carried out using IBM SPSS Statistics for version 20.0 software (IBM, Armonk, NY, USA).
Interim analysis
An interim analysis will be performed on the primary endpoint of Cobb angle when enrolling 20 patients, including control group and experimental group, by a single statistician who is blinded to allocation and reports the results to the main investigators. The main investigators will discuss the results of the interim analysis with the monitoring board. In this study, the change of Cobb angle is the only primary outcome measurement; the secondary outcome measurements are the supporting elements for the whole outcome.
Our primary hypothesis is that the experimental intervention of three-dimensionally integrated exercise for scoliosis will optimize improvement in outcome effects (reduction in Cobb angle and improvement in multifidus activation). Effect sizes will be estimated using Cohen's d, which corresponds to the mean difference between the groups in the change observed from baseline to 6 months (three-dimensionally integrated exercise for scoliosis standard of care), divided by the pooled SD at baseline (Cohen's d ≥ 0.8 = large, 0.5-0.8 = moderate, 0.2-0.5 = small [45] ). According to the previous study, the perceived mean global rating of change in the specific exercise group was 3.8 ± 2.2, corresponding to moderate improvement, and 0.3 ± 1.7 in the standard care group, corresponding to a small amount of deterioration [46] . In this study, an effect size change of 0.3 would be considered a significant finding to stop the study when performing the interim analysis [47] . The reasons for withdrawal from trial by arm will be calculated by the physical therapist.
Harms
If there is a reasonable suspected causal relationship with the intervention, the adverse events will be reported to the ethics committee to guarantee the safety of the patients. We do not expect that there will be any risks for either group (patients with or without intervention).
Data monitoring and auditing
A monitoring board, including independent assessors (not involved in the study) from the Shanghai Jiao Tong University School of Medicine, will review all data and can conduct an audit of the trial at any time.
Confidentiality
Only the main investigators will be allowed access to the EpiData software data with passwords. All patients with AIS will be identified by sex, birth date, and evaluation date and will be assigned a trial number during and after the trial in accordance with personal data protection laws.
Access to data
The main investigators will have the right to access the final and complete trial dataset, and there is no contractual agreement to limit such access to all the investigators.
Ancillary and posttrial care
After completing the trial, we will continue to evaluate and treat the patients in the future according to their wishes.
Dissemination policy
The final results of the trial are planned to be published in a scientific journal and presented at medical conferences. We will follow the CONSORT statement guidelines updated in 2010 (http://www.consort-statement.org) and their extension to nonpharmacological interventions or pragmatic trials.
Discussion
This study protocol describes an RCT that is designed to evaluate the efficacy of three-dimensionally integrated exercise on scoliosis measured as Cobb angle, the ATR in degrees, sagittal profile, and quality of life in patients with mild AIS.
In this study, the patients and intervention team are not blinded, because the intervention team needs to carry out the detailed treatment plan with the patients, and the patients in each group know their treatment plan. The assessor, enrollment assistant, and statisticians are blinded with respect to the patients' treatment allocation. Meanwhile, there are separate rooms for assessment and treatment to avoid having other patients know about the treatment. The control group only needs to perform the assessment at the baseline and after the 6-month intervention, so they will have less time to communicate with the other patients. Once the patient asks to change the treatment plan, they will be eliminated from the study immediately.
Preventing the curve progression is the most important reason for treatment. There is still no intervention to cure AIS [1, 8] . The results of this RCT will provide valuable information for the family, patient, clinicians, and clinical decision makers, as well as to administrative stakeholders, and they may play an important role in providing healthcare services.
Strengths and limitations Strengths
1. The three-dimensionally integrated exercise treatment for scoliosis is an individual approach for patients with mild deformity. A matured method of assessment and treatment using three-dimensionally integrated exercise for scoliosis has been set up and supplemented over several years, which has shown a very good outcome. 2. There is a lack of high-quality evidence to support this valuable treatment of three-dimensionally integrated exercise for scoliosis. This study will be the first high-quality trial to confirm its effectiveness.
